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(54) imoorilod chtutt if r bridge attiiduiM M mtriioA <i foMtttlno Mme 

(57) CODducfiw «l.«mtrtte rtiay bs ^oipOTfltad In 
Ute dcMcas at ihe imefinaM circuh livfl. An «ion(iated 

9n«as8tf m (fiatoaric maiofifli. Tngn. i^rtlM ol th« 
ttibtffMfl ortfMtfilMtifelayw. or bol^ m 
ttpq(* th4 opeMvd «|900iM «on*ie»» to mir, Th« 
mithdd ODiHoriplalM usInQ MOrtf Idal iralariste tontod 
Mvem fit tn^Mtd cmduetor mi th« sitertl*. 
Ranwfing ihe MCrtfldol imf^gl ^ma on air Wd0« 
cyvlty- The it)Blhcxi« of tfietrn^«nQan msa Mckida ttrtw^ 
ino portem of th9 MttaM In or^ to torni ttw oh 
briifeQ cavity. In a Dqndod ciMrata Mnieiarr a dMrio* 
«\*8lnlt li bQfidad to e hnndla Gubalral^ Ivpicaly wfih 
«n oxid« bondfog laysr. iranch tfid^on i» ovmnon 
Et^ %ia^ In th^lormaston Of OMiflifi avi dcvkImi oiv^ 
evatei. The air bridgi of Oia )nv«nlion ia oonii^biB with 



fte lr«nch forrnno atipa twl ar« typtctlly UMd in 
iMndad m^^^^ in ana bonded silsskati wrtal- 
ruf m. irqn^afi ota tonncd d£im la tis axkfa bondbVO 
liyar. Tho IrenchM ar* coaM wah a <UadMe. mod. 
and planailztd. Iha dl a i ac tt te l^v covori tfio 
ptanerkBd franohM and iTongalid OOrtOudovO 4re paS- 
fiffrad on Oit dioiaciric layer ovor tht «r tirldlgro 
ranchoi* Mwdhw dialaetrifi laytr oovat tto paOemed 
eonductois ^ ordtr lo tneaia tfi«n vi a di«}«ctric. Than 
Ha «Ubclrii» la furaw p4tty n«d and Btl:^ad to raoiok^ 
fflola/ia) lorn bdwven th« Wad air br1do« trenctMa. TTia 
fha] Qbrtiichtfa pravidos sr bridge oonductm enaasBd 
(h A dialfcaic fial is ipiced trtim fta bonded Oftda 
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nm pmmtt Inwirtion mism to if^itad tfinA 
av bridB» «<nc«r« M muhodi off bbriofing Mh 
t4rvc«ir«» which wb nfrmtiM/ MiM to Id pm- 
k4A tk4 bvegritid droite and anir tuimponsnft, such 
89 mteroamfctlng con^udom fitr bf klfiae. inductors ar 
dQMUtnai, a^alnn dinwg* or oomqmlnaiion ff om OUI- 

In prder to redue* intfireortntct capadlMaov 
Nob Pfl/form&jlC6 and hi^h lt«qy«i\cy promfM. m 
bridQdS ATft often uood. A typical oir farMge is Ibrmid 
Utb^ A iflCand layor of Intfr^onnect meia) d^podll^ 
ftnd pon6rr«d ever * OBsrifcnftl iiMt«<tal. Tha moiffkaail 
AHlwvl b tor ramovKi lew/* a maW iHi cur- 
^oundod Kflr vr mhir ttm 4l dalflcferic. ouch » oiddft. 
YTiB e^cilsuvcoa to iht ttiatimte «)d io ODMT tt^ 
lild li thi4 r«duc0d rihoft air hu a Iomw di«iKlr1e€Dii- 
•tamfttnaosoUdhfiuteimiueh t» «»licon dadde or 

9BI60rirwtfia& 

Howwef. inodiHorwl air bffdbo manubcturtng tach- 
nk9U9» and struotim h«vi stverii dietK^ftnteott. TTia 
fer^olhof aneurtridoe )8 0(tonflrrtftAdbyl|«njvdrTwM 
bv«WMn ttofO vfH. So. ralalhfdy lono air brUgM can 
only ba marutaciLrad by EOttAmg lopwfwr mqitif^* 
Ian0tf« of itorl ok brUOM Anelhar lyobfam i» lh«i c*. 
QilBU)r)CtttediitihairlirldgwcannaibaputtM«M k« 
s netmal p^osfi, a paaaiwlion Ibyar 14 4«potnod Ort 
top of an rntecTiiid 0raa TypM paitlvtften layM 
W Oiltcon Onde.or allleoo nhrfda. HowMr. lor dr brUsa 
iiruc^Bfl, PM^vvCon layic bat 10 ba ofnttaJ dUrcr- 
wiaa the piaiivalion lay«r adUl tfw air undar the DMga 
and thwooy inerMta tho c^i^tapoa ol Am air tedfio 
or damaga ttia brtdga KmB. 

AccoA«7iot)K flora haft ajtoen a naad for «i/brld0at 
mat cm be mada of longer lengths of matai (hvi va 
awaMla air tirldges ol Iha prier an and a^o for air 
i)id^ ttiat oftn N teorporatad vito jmevaied citiiia 
whara««h drcvto iiBva a pasdvafon )ay»; 

An Ot^acl of ttia pr«Mm invantiai ta to pravida . 
inprcMfd Naontad oimA air brjdga atrudiva* wtu^ 
m^r be ^QHlad al Iha atiisuia iMl and wtilOh ara 
putivnted m tio eouroa of febrittfion ^va^ fMoldlng 
ffia noad for cnran\ic paekiglng or aneqpiiHafa'an, wKh- 
Dili m^Ha4^ ineresiilna tha vDfbma occupfad l^y |h» < 
(ntoTmtad drcua and eir^ comportOrtU. and to provida 
(Rtproyod rnl^ratKJ drcuil air b/ldge mcavta having 
air brSdfiaa or other componajita made wA of conduedva 
elefiMint (e.Q„ mjdaia orc^ucrtors), whwohi tM- 
clamcpaejfigiepfovidadbafMiaantfwakbrJdaeaoriho i 
oorr^xvientB and fha acthm inlBgraMd drcuil «o to 
radiiea the rited d pkaBttic oopactenca faaiMn tfta 
conductive eieiqenca and ih« cireuib ard adweitely 
aftodlnoihahigh fraquanoyraaponae drndi. 

An Intagtaled oircuH a^uoturi 'm aocoRfance wlh 4 
(ha tnyention pniv^et itn afr brt^do ttbrisatsl an the 
aama «a n lha Integrated tfr^ to which tha air brMga 
IB tioniBctiad. Th^ Jmrtm i^'defi an an-aniaoa air 
brfdga thai ia cort^aift4a viisi «ingia aubairate «id 



berated oubatiati atiuctaraa. The io»ariMn crovMM an 
air tartdoe awotira on a aaimoGnducior auuttaia or a 
<MMai Tha dmtaa or aapieondidar atih 
i RiBf fwvB one or fwa Mto^iWd cicouia or sam- 
loomaidBr dvitoaa tormad Oiarain. Tha air bridga 
.tfrudum convrtse* an atongated mai^i conductor thai 
H encaaad m a diaiactric ahaain. A| laaat a pariloti of 
tm aneam « exposed to arrt^t BtmOf|rt>are In ma 
ennbodtin^. the antin vhaath H axpoaad to atrnoc 
) phara Hmtmnr, other embod'tmcnb v^a a nMan* 
ttal ponton of iha ahaaih to amuanl aUhoaoharfi in order 
to raduco tha (taiactrto oouEing btt^oofl tha sheaii 
and tha aanttconductor substrata inaiypicaloonatnJD' 
lion. Iha ancaaed ooiidugtof uosM a caviiy In Iha tub- 
\ amta.lhaancaeerfcemaiGtariaaupporlBdinltalrarttit 
aeroaa tha oawtof ^ poen tftai aimd ffom tna tower 
auHfeiae at tie eaviiy. Tha muport poan oon^iaa caa- 
leefric material, aubstrate rrartet laL or both. 

The ak brtdoa structure is made by fomann a da- 
> ladrk layer over aamtoonddctor aiAttal& An don- 
gaXwd condUGtar {& lormad tw t^a dialacfic layer and 
la encaaad ki dlaMnc materiaJ. Than, oortlona of the 
aUbMrataor the dMraoiricUiyer. or baav are ramovKi 10 
««poaa the arioetod rfongalad Gonducior to air. Tha 
awhod CQmarrplaiaft ua/ng w'rr^ in«terfal& loc^ied 
be<w««n tha «r«caB«d Darnjudor In tia aObflraita< 

Ramavln0 the ioenliciel maieoQl forme an air bndga 
Mflty. The Ji ia tI tali of tie fcwanHon alee inciude remev- 
Big lanrtiarv of fta aiMraCa In order to tarm tie eJ^ 
bridge cvdl^, 

ParaoMf enaiodiitienta dihe tovandon hdude a 
aiMty Mrmad in the aubi(rat« andAv in tha dMaoirio 
layer on ttaeubftirflia. TVta encased GDnductori extend 
aeroaa the Oflul^ aiM antor and eiA the Maetrte iKyer 
ivar^^tng tha cavi^- 

to a bonded (O^atrate a&ucim a davtca subatrata 
to bondadloahardia aubatrata. lypk^aBy whh an okkfe 
banding leyet An ak bridge structure ia ftimed In the 
dMftca subfl^rala In ceveiei waya. I^encli iso^or i« a 
oemmon Map tiaed in tha fcrnttfion of dMcea dtA 
banded eiMralea. Iht air kvidgv of the rmnlion la 
egpipMUa tatVitha iranch formng atope thai are typi- 
eelKy uBod to twnded eubainMaA. In one bonded eub- 
aiato ambodinttni, iranchea are tonHad doHvn to the 
cNWaeondtog lay^. T>ie treichos are ooaf ad with a dlo- 
lectnc fined, and pfananzed. The dietacTic layar C9^ra 
fiB ptanarfkad tronch«« arid e^ongelad oondbetBie are 
panamed m\ Iha diefecvK layer evai the «)r bridgv 
irencho& Anoto diaUctnc layer eovara the patfarrw^ 
candueien in order 10 6»icase them in a dieiacfrie. Ttian 

euoitiata la further pattomed and etchod to remove 
iMntal Itom batMien the fVtod eir bririaa trBnch0& The 
ftial etructore provUea ah bridge coniAJGtOiS encased 
to a diaieaifto that le « 



Bended citbetrate ebudtm are ueed to 
hdticior& to one entwddnfint atongatad omductora 
are anceead In a daTeciric byer mat b dlepoaad over a 
deince aubafrato region loesiad batwaan iietoting 
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VendM. Viw v« fiptnid in ttM dMfictrid inyor and 
mhnaiB inateifm» i «i mr« l to k>rm an w tiitfflfl »^ 
)ty DsHMlh ihB oimMdcofidiJClm Two afr UUgs w 
itie^ mey be (vmm naar on« opotfiir una ivnrainJ by 
«lN»«cwa>;ChMrflutiabknldQ8i»vttya)riducm $ 

la txm «ci induciDrt. TTm ituid cawHy (s KM wHh Itn^- 

riua lurmor ofnbdAninte d Am btvsntioii n a 
ttcririclai hyer (br tormrtQ t CAvliy bm^m an ^n- la 
galftd, anctt^d conductor, (none #mbodimini ttaeri- 
lic'L^ Bl oe^n^ccn it ktrmxi a first diftlvcHc 
tayw ihqt t9 on iht (cfriconductor eubstmta. An 
«ncaa«d oomiiptor is fcvmad ever rha sacrificui t^. 

Vltt «ra <}pttned 10 IhO eaallidal polyftllfOdn ami tfw w 

poly^nim la trnmoA ki lam an a» bridgv 
bafMath mb anomd cttMbjcXor and batwaan th« 
anctaad oonduciar and thaslieen subslrabi. In an tr- 
ratf ambocfbnani Ihedieleckle layar ^ the mdaoaoi 
thaiubairmaia pirtfalyrMiWMttdbdiDralhaaacrHtti ia 
potyaficon la dapodtad. nta «»crncW potytllleon la 
ramovQd oiong \fm paitttrs of th* undar^ing euty 
9^at«, TD« lAtor piavides an antargad CrUga CMt^ 
benaath |h« ancaiad condudor. 

Ttiaprtaaiuiiwandgn jridudaBAftairbi^Slga tftu> iff 
tura m a aAmtoondgetar «hb«ti«1» having crm or mora 
inia9«tad ebciils cr cKitlcondgetor dwicaa ttwdri 
convrtalRg an aiongata^ mtu ftmduciDr having a tf^ 
feetrSc iTiadno around aHaam a portiajiallha lanflUhor 
•aV COhdudar, said ahoHtfi faaInQ ixpoiBd lO airUent » 
amwipfMra. 

Thafnvvrtdon ai^oauiiciaaa fliatnod lor fvrr^ an 
air brid^ condud^ir MitpiUtg stepi of. dapoaling 
a difliadiia layor ov«r a aamieoixbjeior cubctmle. lorn*, 
ino an alortgalad cor^tjctor ovw tha oi^evirta^ orxGO^ ^ 
biQ lha eiongaiad oondudor In a dlgtectriQ thaiiv aid 
ramovirig a portion of ona or nttrar^yei^ proxImataSM 
ittaahademtetor Id tarm on air bridge conductor. 

Tlia invantion wrili now be dnoribad by way of avnv 
fta reierenoe lo tha afioonpaqylno drawtnoa in io 

Fljur*, iM ei« davloft rrJuitiated vi Figum b 
in wGDosdva at^i of iha ^ricatlon fhMOcif: 
FiouroSiiaaocbontfvimDf aportlonof anlm^ 4j 
Q/atad droirii davtoa hm^rg ronduc^ivf mambara 
diapoasi wi oo^lled -gir brfdga" confl^nieon ouer 
an opan apica wrthcn t^a doiHce; 
Ptoura 6 la a ftagmwiiBry plan viaM iibitnitng iiia 
pOrOon of lha <Mca abown r Rgura 9: tfio vtoar « 
baino talan aloif] fie ima h Figuro &; 
FigurtB 7 and 8 iKiBtraia ■ davica aimiiar ta »ib( 
ahoNiibirigHraS; 

Figuras 9A-8C and IQA, 1QB art l«omai4iry 
vlawa.tfiavf9yt in FigurasSCb^bdvn along tM n 
Una 90^ in Rgufa 9B. tfio vlawa nKiitr««ing 
means ibr support Oi «on(fc/OHv« ttlaminls in ttia 
open ^Mca o^ an Magratsd orrcuit dgvipg; 

1 1^9 thovpragrafiBfvv steps iniha toima- 



ion of a bonded substrate witi an air brEdgo formed 
in the dgHba aukntrate; 

Hflura 1» 16 a ira^rnamary; tacMrtii viaMp of 4 por- 
tion ol an endovad. miiM<layer aitegratad droiit 
deuiOB nliera a oonducfive rmtftm Ibnring an 
(nducior la loomed ow an open fl|iacaL all in 
aocordsnca wJlh atil another aAMftnanl or tha 
Invafliion. aMtli prowfdee oomamlnafi'on and dton- 
ago, M g utaotfan and aaaa or handling durli^ nlgn<^ 
tadura of fma^rad ehrcuit davfcaa. ihA viwAr belnfl 
laKfin aior^ tha Bna 16*16 In Rguna 1 7: 
figure 1 7 Ib a pian view of the portion of the device 
tfuMrnmnoya ift: 

Rguna It tb 20 are aectianai viawi ilMr^ting lha 
davioa ahqwn In Tiguraa 18 and t? in auocasnvo 
atagaa of the manMtoebJre tieraof: 
Rgura?? laaaactlona^viewofadavleaiMario 
Ihet ahown in Kigura 1 8 whwafn an tnlarnal ear* df 
ftrromagMIc notarial la prawdad Mtin ma 



Rguras^ and 2) feaaeoranalvlmoriha davtea 
dNM/nbt Figure 24 during an aarHer and loiar aiage 
InthaiMDalDnlharaot; 

FiQure 24 n a aactional view ol a pgrtion or an inla- 
^ad omo^ dmo of bonded laytra (nOutfng a 
oandua}va layar providing an Inta/connecbon bu«- 
para^ad and brtdgbg an open ipaoa in tha dAwica; 
figure 28^ i tagmaraary plan view of ma portion 
oi 8ie devfea aha^rn in Fiyire 24; 
m^a 28 ia a aaciionaf view oi a parliBn tfi a 
bonded, .anclosedL mUBl'tayer datnea having a ocai' 
diCtitfa layar wlilch providea an aiMTOinnootion 
ovar en open ipoca In ffia d«dca in aocor^nca 
wfgi another ant>odtmanc of tin invantion: 
Agnaa 27 lb a aoctfonaf af the deuioa ehoiwn bi 
Rguia 26 bi a later Mage of manutacture. 

Tha air brMga drudiaa Gticmn in f^^jrea Q and ft W> 
naide h aceordanaa wtlh ^a proeaaa atapa atiwi m 
Fwirea 1-4. a aMtabfa nlkoi\ mfaatrate 236 haa a layer 
of oSaan dteilJa 888 diiaaaltad or gi«i«rt on gne lun 

lbB» Thai aiffftea ia pi og ae acd to fann the a&r bf idge 
ebwma of Fj^aa 8 ana a 

Qy rafbnfng 10 FiOuw 1-4. the atapa m tin prnoeaa 

of tMcaOngfiO dOviOaa of R^urea 9 and6 wifl bacoma 
mora ippara^L FtirL ti^ncfm ffZO are ftsnnad m an 
«i<tM ttyir zsb 0»1 covara «iibs!raia 238. T>ie trtnchaa 
fiS8 are o»Btad %t(fth a layar of ajrioon nitrtle 247 or any 
o^ar <Miacble that can be vf^eciivaly etc^ w«h 
reapaei to aigodb ieyof 238. Afaxi. a (ty«r of maial 242 is 
4fmlM or) mo aurfaco ard in the Iranchas 220, The 
niteoe Ic tftan coaiod «nih a tByar arphotoreM sso. 
Tba photorea^ and m^al layer are pianarizad by a 
raBOtfM ie^ eftfi 8iBl uaa» 8io nitddo tayer 247 m an 
«l9h aiqp. ^ fha etoh. bia rentalning photorasiai ia 
abl^ped end a aeooraf iMa layar Is dapoBiiaGl to ooy^r 
the raalal bi 9i8 iran^M tb term nijridg iheathi 24d 
M dmmd fig metal 242 in 98ph tranchi AnoHiar 

layar ol pholaraaial 180 la dopasHed and panamad to 
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proiNt ftlrtdt ll)r«r 249. lYM aiposad nifridB on ffiB 
turifte* iA «fctied HMny iM^Ing ilw oiMtt) 24fl wound 
tfio oonduGlDrB 2f2. ifta oondugton 242 nOMin 
miy M pftTMiy MedOed In m? tisuiBt)^ iralwM 
Ityir tiaft^ (the «nide) as inaurn in PigurQ. 4. At dtao 
MkTwrt n Figure. 4. th9 suitM Of th* lay«r 2aSinv b« 
niMkad vrlth an otchut) r«riilwit mask 24a and 9iQn 
aldwd ID lorni 9io <«i/'(ty 240 ind ctvitr 244 b« 
dhOMvn In nour% 5. 

Haliirtno tf> Rgura^ 5 and 6 Iher e xhom i^ue* 
br« hMtd » l^yv 2S6 ol In&iiftiino matorian such as 
oxMic ind ft fliiivtnav i^yar 236 or fian^w^uetfi/t 
mottdi}, lucN lloan. in whlc)! Im#9nt«l cirQU(ts 

nioy t» tonTi«0. ^upporiftd in Ih a layer 2d6 and Mii^ 
an oparting a<o itetiri if« • piumi29y 01 corAietoft 242 
which (MSm w brJdgvfe tar biterconnadtng mgrifetd 
clreun (fwt«hi:mr4 in i\m mxnwobgvm 239. A cwHy 
4i4 ai the 9tibtt7aia 23B ia di^md Qftgwn«nl m^i 
lh4 OfMrtirv 240. lh« op«nliig and iha prowiclft V 
air dHiiQctrfo nvhicti rcduoes paraiiDc can^tonoa 
bttwa4ni^ft ciPdulto in t}^ aiE^h sUbsiralasai and tha 

trid^ tanduaers 242. Sh&fiiia 249 arointf lha 
ducfora 242 protMt tte QMVlUdKNs ai^Vst contanta* 
flon or damaoB by. lor mn^t, fiaSoi^ of cwd^^Hivi 
nuMrU Mh'ci) inay IM famiid dttf ing tha piQoeiBiv of 
«Ha attftMmla 29« to pwWa lha Magrctted dmiita 
thanahi. 

8t4)poft £46 (frOWiiT) tpay be prowtdod In 
lha opfinifig 240 ai^ UTidaif 6 4ia i«taajhad ctariMO^ 
24z.Tyta iUpiiar(|io9ts840pfcMda9dcladwjpporlior 
ma conductors 242. A o^ipoctiMct 246 may bi ilisnKf 
Miih tfia chaattiBd aMjctan 24^, An anfaotioplc at^ 
««ni rampw siiloon from arm not cov««J by itm 
ahaathad cotAm^i prok/Kitt ih* cufporta 246 
3hOM) In nobra, 7, 

Thaaupponpommay also be formed onVol tfio 
layar 266. Tha pwta va cooiad witfi a pnsieeAn 
ta^ircfnftndft 268 ae Mm in noMrc^ a. 

n aftrrh^to P^im 6A an aJwuiPum conductor 260 

on esddo <upport poal 252. Hio poal la paialvatad 
by dmsHinB 6 alMh Of rrilride 256 » eih«r pataM- 
ing ma1«M. oa ahoMH in r«uraa 9B and 9a Hm ODn« 
dvcior may b^ piu^Votod by oiddation lo provida 4 IbyM 
254QlaKvnlnumandB(AJ309)6f thownlnRgi^a. ICM. 
rb« ^Ttatftl condUotOf 242 or olumlnjtn oondUCtor 250 
fnarba>teo^i p4»ivitadby6^eathottfliooR eaida 
29 f (SIO2) eoMW^ by o ahaaih of pdyiirioon 2% (P|g- 
laa )04.tf«JtpiMlift04dualkyQr9hftath. 

•njntriQ to Hguraa ll-lfiu luaa is shoiwn anottior 

6rv«adiin«ni or tfw kwtmiOrt fernwd on 6 bort[farf ai6»- 
arao aln«<vaL in Hqwo 1 1 fh«ra Is a handla aUnBato 
TOO tial is omfc iMMod vl6 ocida fayv t02 to *• 
dwica sdMrftto 1 10. In a Mtowf r« aiap ^g^ra 12X Vm 
detficv mittlrid* lio m pattwnad to tarm a larfee af 
bencha^loiioffiOBurfaooolliebondoxIdaliya'TOe. j 
Mttd. [Ftgura. ia) an oxfcla Miyar 104 ia allhar 6)6Mi«y 
orcMn or dapcttliod owor tno fiurtbodoT m d6vie6 ttlh 
sir^ieand ^ironchao 101. Ttwtranehaa TQl aralBad 
With pdyslDDn 10$ and ptanviiao, /Inothv layw of 



to 



tfii6dTtp umariai. 6.9.. sfllnn ohiMl i$ deposHfl^ a 
kyv of mow 106 Ift Ctefi^eM vd OKhai to tonn Iha 
oDnductota 106 ovar Irt nOws IO1. Anoflior grUO ttyor 
106 GDcen ttio mfttn. Tht avucbira 01 nouro. 14 is men 
mhBd 6nl etchad ID pravido ihi yapoiiiod paste 1 1 6. 
114. 112 of BowBk 15 Tha ak batwoan 61a svaraiad 
pools roduoaapta capaciiveababtfaantfiooonduciof 
106. So. Iha air bridga sUuctvire tar mod by iho pf oceao 
Bi 11 16 ii6f9 ^ancH taehmquee oDtrvmiUo 

imUi GUBftnwy bondad subcMla proafisino. The air 
M^actnKtMra i» thua tormed at lh« leuMf Of fte diVica 
I^Uat0 1 10 ifi roadlly M«COnnoeked «qfb eboiitta 
In Iha dftiica SLfcUrita iiO by ciMmafy matalizaiDn 
and intMCO^lnad ttchni<^as. 

Rafarnno to Figurefi ifi am 17 mora It thowvn a 
d6t4c6 sUitf 4f 6 200 wnicn ifi bondad 10 a handa lub- 
alnita 202 via oxide bond layar 216. m davioa jubafrafta 
300 inlagnrtad droUlta (nM ahOHm) and bridgs fibuc- 
bna ora lonnsd Tha d^a aiMiata oontafna an 
(rtfudor coll a04 aumndad mv tho nieiladng aur- 
tefls 207 of Iha davica substrata 200 ard handla avb- 
atfala 202 and aftpara^ tha^afiPDm by a cpaca or i«oid 
206 wtikh may bo void except for po6tS 206 . 

Tha ool 204 pftivido^ lh« w ^f u c l or And may b» of 
ViB«qijafa«pIrBl&hapaahewnln F|gura17. Tha cant«r 
■K^ end ovaBds 210 or^ 212 tp tha ands of the owl 
204 do not appoor in Figurt 16. Thaaa oonlada ara of 
msial JUBl HsB 61a GoO harv and ray aaand alonii poeiB 
200lolhaa6«v6in|affaitad droifla In tha davloa OUb- 
MI0 2D0 inanwnaralmilqriniiOnnocliomfrQmtha 
ooita and 016 antodlmaniB of Iha tnvanVon hareiofore 



Yno coH 204 an air budoa uonSud^ filvmant. 
Thabridoa and s«poft10r trta aiemam 204 is prayldBd 
by a 1^^ ctf dtoiactrk malaiai 205 having an aMam 
bayond tM outer panihary of Iha condudorc of #10 Dolt 
204. bm^ ta also eijfifK^tad on tha post! 206. 

DvMCa 4\^«t«i 200 Iws B bottom oddn Isyar 216. 
(Md6layv616bttidi Iha dayieofliAidrBfa 200 to fia 
handla aubitma 202. Anodtar irantih in a oentai peat 
609 n^hlalHIad ^Mh ^yaOSoM fA«tfMeh «aa# a pa* af 
valdB 2aBA and 206B may ba fovmad in iho Bc^bamo 
20a 

Tha dfvica t ubamSa 200 ta tabrieaM in pmeaas 
alapa shonn In Rguraa 16. 19 vnd 20. A davloa cUb- 
Ma 200 haa a aittcon avbsbatv ?ao £0v6iatf with 9 
layor cd qdtfa 306 v othai suRaUa diatactrre lhai 
anaaaaa oondudar odi 204. The con 204 be pro- 
yldpd In asranA and ihan co»arad ao as to form Iha 
layar ol dieladrlc. insulating rmtarfal 205. At an alterna- 
fhra^ (adi 204 may ba taifnad ^ dsposlllrig a mal6l 
layw on a ifalaeblc layar. pattamii^ tfia malai tayar. 
and dapgaHino a furlhar lay«r of dtaladrto on lh6 pal* 
lamadmaiad^yor. 

Aa ritdMi tn Rgurp 1$ 6m davioa sbbaMa to pat- 
lamed so fmrn tandiaa too. Tho tronchaa ara ^p6ii6£t 
mtfldvwIhAlhonTiBloM ia7arkf Mtdirilhiiidopod 
prfy^oon 106, The bond layv 2>6 joins the hindla 
xAaVata 202 Cnot shnwn) to fho daMCa aiMrata d90. 
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M sllDwm fh Figuro 20 viao 224 and 226 ara aiched Jnlo 
the layer 205. ihB oIBcon of dtfi/ica substrata 220 is 
ramo/sd from ths region betwean iho tranches 1 06 by • 
satoQlhre atchtts tormlha voU 206. 

Mforring to Tigura 21 Ihwa is stiown a struchira 
sMIar to fhAl shown in Rgyra 16 and Itki parts are indtr 
Gated wtih aka rsferencad numemis. a cylindrical post 
230 Is provided by formina a via in tha layer 205 and 
remowiniy silicon In a region between Mst tranches t TO. 
1 12. Tbs cavity bsiiwaen Uenohes 1 10 and 112 is ffllad 
with a lenomaQnelrc maierial such as iron. The farro* 
nr\agnatie poet 230 Attends into the area of the tnductor 
cofi 204 and ia efedromagneticalty Gauplacl |h«relo so 
ae to enhance and mGreese the Mudanoe of the colL 

An in^lioon air bridge as shown In Figure 24 may 
be tormftd by %hm procass stapa shown In figures 22 
and 23. Referring to Figgres 24 and 25. there is shown 
another inlsgrated drcuit siruOure 54 with an air brkfoe 
conduistor 42. The air bridge 42 1$ formed on a single 
semiconductor (silicon) subetrete layer 52 having an 
insulHtive {&iO^ layer 60 thereon. 

As $how in Flgurea 22 artd 29. the activa Inta- 
gratad drcults may be (bmied aeparaialy In the sUb* 
etrale 52 and have connectians such as conductor 42 
between dw/tees of ttia In^agiated drculi. The slicon 
aubstrate 52 has an Insulating layer eo: typically an 
oxide layer. aAher thermally i^own or deposltod. A sae- 
rificiel ol potyafbon 68 or othei material coveri the 
insulating layor $0. Tha sacrffleial isyar 60 ie patternad 
to the desired ahapa of an afr brfdge cavHy and ia cov-. 
ared with an G)dda layer 64. A layer of metal 42 is dopos- 
Ited on oxide layer 64 and is patterned Into the doslred 
conFigureiration Of the air bridge oortiuctor The pal- 
terned conductor 42 Ie OOveretf with on ineuialing loyar 
44o1oxideornjtrtde. 

Ae shOMm in Figure 23. vte 74 and 76 are opened 
lo remove the eacriflcia! paiysOlOQn layer 68 . A cavity 66 
Is crsaled by aidiing and ramoving the polysiHcon 68. 
Furlher vias 7a. 72 era provided to contact the airbrifibe 
metal 4a as s^kjwh m Ngure 25. 

Refefrlng to Figure 27, there Is shown a strudore 
sMIar to that Shown in Figure 24 and Iil« parts ere 
lab«lfld with lika referencad numerals. Again, a layer of 
sacrffldal polysilicon or metal, which ie ahown at 68 in 
Figure 26. Is used. Firsi, the aurfaoe oxide layer 60 is 
paeamed to rsmove a porlion of oxide layer 60. A sacri* 
ffcial pOhffiiiiDGn layer 68 is deposited over the eiiposed 
stAstrote. The polysiIiGon layer 66 is covered ¥vfth an 
oxide layer 64. ths dir bridge metal 42 is deposited on 
the, oidde layer 64 patterned and cov«rod with another 
oxtie layer 44. gich windows 74 and 76 provide etch 
holes fdr an etchanL tor akanipfa koh. wuhich etches 
the polysillooh melol 68 isolropicatty, but etches the sili- 
con in the eubetraiB 52 anisotropioaliy thereby produc- 
ing a deep cavity 66A. The anisotropic stching prncesa 
to produce the deep void or cavity 66A may be carried 
out In accoitiance with the atch/removal method 
described in an arMu by Sugiywns. g| aL enlitidd 
IMicrtHilaphragm Pressure Sensor," lEDM igefi. 
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pages 164.187, ThevokJ space 66A Is aygned with the 
conductive element off the afr bridge structure 42 and is 
operative to reduce parasliic cepaoitarKes tr\ the dft^ice. 
Removing alHeon not only reducee capaoh&nce but atsn 
reduces paratitio image ourrent induced in the ollioon by 
currents flowing in a conductor above the ellioon. Such 
Induced currant is reduced by the voids tfiat space the 
coffductors from the sllicoa The devices are fabricated 
at the substrate teuei and then separated into dice hav< 
ing one or mora active integrated circuits usmg scribes 
or trenches of the type GOnventk)naiiy used for dto sep- 
aration. 

Condudiv* elements may be fncorponaljsd In Hia 
devices at the integrated drouit l»/e. An elongaled con- 
ductor is formsd over the dialeciric layer and is encased 
Ih dietedrie mslerial. Then, portions of the substrate or 
the dwledric layer, or both, ere r^mo^ed to expose the 
eneaesd elorigated oorvluctor to air. The method con- 
tsmptstas using sacrificial materialB iocatAd bahwaen 
the enceasd conductor in Iha substrata Removing the 
aacrtficiai msteriai forms an a!r tvidga cavtty. The meth- 
ods of Iha invention also induda removino portions of 
the SiiistrBte in order to Ibrm the olr bridge oavfl^ In a 
binled eubatoale structura. a dav^css aiijatrata is 
1)onded to a handle substrate, typically with an oMda 
bonding tayer. Trench iaolation is a common step used 
in eie formation of devicee and bondad siAetratos. Tha 
air brfdge of Vie Invention Is compatible with the trench 
i^ndng stspa that era typically used In bonded sub- 
olraiaa. In one bondad subttivte embodvTiem. tranches 
ere fbrmed^down to the oodde bonding layer. Tha 
trendias ai]B coated with a dielactrfc, ntled, and 
ttfenadxed. the delactrlc layer coware the pfanarlzed 
t to it ii i es and eta n g a t e d ooridudors are patterned on 
thatfeiectrlcli^ over the air bridge trenches. Another 
cieiecMc layer cavers the patterned conductors In order 
fO encase them In a dielectric. Then the substrate is fur- 
ther pattarnad and dohad to romov« ra^lM-lal from 
baitween the filed air bridge trenches. The final stmc* 
tia9prDVidei(eSr brktoe conductors encased in a dieiec- 
trie that is ephoed from the bonding oyide layer. 



4i 1. 



An air lildge strudure in a aemioonduqtor sub- 
Strole hawig one or more integrated circuits or 
eemiconouctor devices theceln comprising an alon- 
corducior having a diefectnc coating 
\ least a portion ol the length d aald con- 
fihealh being evposed to 




1 An air tiiidge stnjdure ss daimed in dalm 1 
wherein the dielectnc coaling corpprisBs a dielecinc 
Stfectod p«om the greup consisting of silicon diox- 
idoL sSiccln nrtride. end aiumtnum oxide, and the 
oondudor oompnaea alumimin. 

3. An air abridge structura as claimed in dalma 1 or 2, 
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ohttnowizfld by « wfiport Ddenain0 from • tur> 
taq* fli Itka » »nii t<niu rtor eubetrslv to th» flViBi 
■vitwf of thfr ahutfl far nffmllns the cunAOgr. 

4. An Air brtaoi «iruew* ti diimad in daim a s 



An air gftuo^t m ctMmad In wif <M>e Of 

crahv 1 tD4whOT«lniim8iaril)rafiha ftmb«au^ 
iurfKftarMor •portionodheihoatfi te6)i|MMdto 

An 9^ bfid0O «lruair« m cSairtitti in dsiin Q 

In 016 f ofiHoendudDr «vl»Mii 

An «l/ brUfif M cWnnd Ih ctebti e whervki t&U 

c^vmi m Miictor. mi tw diaioctrtc OMtir^ com- 
prlM8 • tfMiorte 14)^ aiid An induclor ii 4annid in 

tor " 



An ilr Mdg» « €|ftimBdin daim 7 chmdviwd in 
then M Itttf A «M<id induchir ipKBd rriM 
jndudor br ■ cOf« dNfljf, Alld «0f i Cttvity is IHM 



V. Ahtirbridg<«frij6tureoDnipri«jf^: 

a baiM aiiii9«t« «ffJCliM cQTiiprisIng a 
dMrieo K^aMft hfliw^ w upp«r and 
•i^mcf on» or more •emjcqnduciof 
dA^Mfi or MtvQmad circuitK torm«j |n fiJd 
OM0» «iA9riS«v t h»ntfl« (iMrd^ and a 
bondng Isyer idi tnnding mt lowar luinqe gf 
Ih» d«vi w siMrato to tht hindla ai^Mf 
■ cii«y In ««kldmlM uciriita ttdMdifig 
«)B w«r furliGt of iha dwiee BJbBtran to ttw 
boridiiminyAf 

a POU eOftoiiin0 an fllongoied flV^ Of Oltlto^ 
ttk matiifal «sdindif« ftwn Ihl bimtiviB l^r 



10 



sncukng Iha ftonoMad eondiclar m a dalac- 
trtochoalh; 

rifnoving a pofibnot on« or mora li^en pron- 
malt dit maalhad oonduqlpr to form an air 



a condbmor cncmd in aald etonoatad atr<^ 

10. Afl air faHdo* BfruCture cWrAad in dhim 8 
wh««jn ttio poti furttior qofnprt tOi> m Migatatf 
rv0Mn of pi4raii^ dtapocad bmaan tna cudriUD- 
rar and the Dondtoio ■ayor. 

11. A method tor toiMiig an air bridge Q(m^ 
priiinQm««tip>oR 

dapeMQ A dialaote Jbyar orar a aantet- 
diictaraubiKau: 

^mwiQ ao itagAtod oonductor tMBf tha tiib* 



11 AmalhQdasdflR«iindMrtiiiMharainihaboik 
Dons ramoiad cornprlte pvtiona of m« fhvl daiae- 
lite biyv. and addRfOnU ponfam rampyad 
Qmiiiri«Mi)ertion^of a«tT>ieendueior Bubftrato 

IX Amflthdd m dalnwd ni i^amtn t1 or 12 gharHCtar- 
bad by t>ta itap af dapasKifv a raaHficiaf lay^ 
baNmi tw ancatad condudor and Oia vamipon- 
diiuor mitfiMB and ramiMng • poff««n «r iKa aae- 
Hf idal fay^ to tarm an OA brtd9» eavlty. 

lai A maihad tor torminQ m air brld^a conprisiiig tf)» 
dipaol: 

bofidrng a dovica tiiisbala to a hondto tub- 

umia uaaiB an ojdda bondbiA tayar« 

tomrinQ a ptorality 9( vanchaa to m eautoa 

Gulwtiiita and oitantfinQ to Via csoddB bOndinp 

fiyar; 

coaitnvtha vanchiB wmn a firtf <ftaiectr»c layer: 
fliinC! and ptanaridna tfia IrarldMa to iho io<«l 
of Iha daiftoa aubrtnatar 

(SafBishiiii a sBoond Mectiic iay«f mr Via 

pbNiUaddMica BUbavato; 

dapoafting a malal la^ar on lha aaconddfllBo- 

nanaming ttia metal layaT to form conductor 

iivcfthafiMtrenGhoa: 

dovaring fha «ondiratois ariih a miid Jayar af 
4alacaric: 

cieMivaly raifiovtng iha diatwtrtc mataria] arxl 

IfiB dawica aufaatrata m«lartal aoin raQloni 
tMbman tha ^iO^ tenches to 4vrn air bridsa 
dsndudore spaced Irom the bondinQ layer. 

aneaaad in dialaebfe ar^ latoiaOy aapaiabid by 

arnbfar^ atrnocpharv* 

ISb A miihad aa daimad in dakn 14 aharadivtoed by 
tfiavtoP of ifengftie coated lraiNfieawiftpoiy«ai- 
con faalpre pfansriifeig. 

li. AindhqdaacMmtdtndakm i4or laoharaciar- 
tud b/toming fi^ and «oond air bridQe Cttwitfei 
wim i ito^ eoriductofs axtandtitd in a epirai path 
acrospaachoavtly and mMsad^n^Medric:: 

I 

lieinning a iNrd cavity boRMen tta fi)it and sac- 
phd ab toldpa canttaa^ 

«^ Ae m CBvily longcnRgnaVe mate- 
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